In this letter a formation of solution based of bulk-heterojunction based on freestanding silicon nanocrystals (Si-ncs) and conjugated ((poly(3-hexylthiophene) (P3HT) polymer is demonstrated. Surfactant free Si-ncs prepared by low-cost electrochemical etching are applied for fabrication of bulk-heterojunction and photo-conductive blends. We show that the optimum blend performance is at 40 wt% nanocrystallites concentration within the P3HT polymer matrix. Furthermore, we illustrate that solar cell transport properties can be improved by nanosecond laser fragmentation of the nanocrystallites micrograins in ethanol. It argues that the Si-ncs/polymer blend with refine nanocrystaline structure may impact the development of low-cost solar cells by environmental-friendly mean.
. Most of the polymer solar cells today rely on the formation of bulk-heterojunction i.e. a interpenetrating network of donor and acceptor material [4] [5] [6] . In last decade the fast photo-induced charge transfer from a conjugated polymer to fullerene showed to be very efficient and this system considerably speed up polymer based solar cell development [7, 8] . Nowadays best polymer based solar cells having a electrical conversion efficiency in the range of 3-8% [9] [10] [11] [12] .
However, still vigorous period of research is needed to refine the structure processing and to develop the solar cell fabrication techniques.
One-way to improve the efficiency is blending of polymer with a second inorganic nano-composite. On the other hand, it is accepted in photovoltaic community that to achieve a considerable improvement in solar cell efficiency a new physics as quantum-confined structures have to be applied [13] [14] [15] . One of such approach involves so called "hybrid" photovoltaic structures, consisting of blending of organic polymers with inorganic semiconductor nanocrystals (quantum dots), possessing of quantum confinement size effect (e.g. CdS, CdSe, and CdTe) [16] . Better yet, similar to fullerene, the nanocrystal can also serves as an acceptor for electrons [17] or potentially as a donor when it is doped.
Silicon nanocrystals (Si-ncs) are one potential low dimensional nanocomposite that fulfills all criteria for the next generation of solar cell development [13] . It has been demonstrated that it can be also efficiently used for bulk-heterojunction formation when blended with conjugated polymers [17, 18] . Natural micro/nano phase-separation between the polymer and the solid state Si-nc get the morphology/structure to obtain photogenerated carrier separation [17, 18] . In addition, it is expected that Si-ncs with quantum confinement size effect may provide a significant boost in carrier generation efficiency from a phenomenon so called carrier multiplication [19] [20] [21] [22] . The principle of the phenomenon is sketched in Fig. 1 It has to be noted that the PL, conductivity and the photoconductivity measurements were conducted in air atmosphere and ambient conditions. To measure PL the samples,
an HeCd laser with a wavelength of 325 nm (3.82 eV) was used.
In PL is observed (Fig. 2(b) ). This proofs that we deal with the Si-ncs with quite good quality. Low concentration defects (surface or bulk) do not hinder emission significantly. Further structural analysis [25] witnessed the presence Si-ncs with diamond-like structure with average size about 3 nm.
Corresponding PL spectra is shown in inset of the Fig. 2(b) . The PL spectrum is rather broad with maximum centered at 2 eV. As reported elsewhere the PL in Si-ncs with grain size of less than 5 nm originate mostly from quantum confinement effects [25] [26] [27] . Similar arguments could be used to describe luminescence properties of our sample. Therefore one can expected that a significant spectrum broadening could be ascribed to large nanocrystal size distribution.
Recently it has been demonstrated that such a way prepared Si-ncs blended with conjugated polymer form a bulk-heterojunction [17, 28] . As the freestanding Si-ncs concentration within the polymer can be easily tuned, the photoconductivity response of the blend at different nanocrystalites concentration has been optimized. It has been observed that the photo-and dark-conductivity ratio varied as a function of Si-ncs concentration (Fig. 3) . As the Si-ncs concentration is increased also the ratio between photo and dark increases and reaching maximum at around 40 wt.%. After reaching the peak the ratio again decreased. It has to be noted that the photoexcitation in silicon nanocrystals is fundamentally different from those in polymers or organics nanoparticles.
Particular, whereas light absorption in Si-ncs (quantum dot)
results to the direct generation of mobile charged carriers, however, the higher (more than 10 times) light absorption in polymer leads to the generation of excitons [17] . The exciton in polymer is associated with binding energy in excess of 0.2 eV.
Therefore the exciton and the charged carrier transport in higher absorbing polymer [28] is the heart of the photocarrier generation of the blend. As a result an excitionic energy transfer might be an efficient mechanism to pump Si-ncs through the excitation of conjugated polymers [17] . We stress that the exciton is charge-neutral and is transported due to the diffusion process only. Contrary to that a charged carrier is transported by both diffusion and/or drift in the built-in electric fields. In our case field results from difference in work function of P3HT polymer and ionization potential of the nanocrystal that dissociates photogenerated excitons [17] . When the concentration is further augmented, most likely the P3HT lamella-like structure become more perturbed, which results in a hole mobility decrease [29] . Those perturbations then limit carrier transport and photoconductivity response of the blend at higher Si-ncs concentrations as 40 wt%. This work was also partially supported by a NEDO project.
